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PROVISIONAL SPECIFICATION . 
Electrical Arrangements for Measuring Small Movements 



We, Siemens Brothers & Co. Limited, 
of Caxton House, Tothill Street, West- 
minster, Loudon, S.W.I, a Company 
registered under British Law, and 
5 FniabERiCK Txjxner, of " The Crest 
Shooters Hill, London, S.E.18, a British 
subject, do hereby declare the nature of 
this invention to.be as follows-: — 
This invention relates to electrical 
10 arrangements for measuring small move- 
ments between two points along or within 
a body or between two bodies and is.paT- 
ticularly concerned with arrangements 
employing a " null " method of operation 
15 in which the extent of a. movement to be 
measured is determined by or is propor- 
tional to the extent of an adjustment 
required to restore a condition of balance 
in an electrical network which has been. 
20t unbalanced as a result of said small move- 
ment. The arrangements of the invention 
find an especial application in connection 
with the measurement of torsion , in a 
rotating shaft from which, given . other 
25 f actors,. the transmitted horse-power can 
be calculated. ~ 

In the present, invention arrangements 
are provided* which include a pair , of 
similar transformers fixed independently 
30 of the body -and having, their magnetic 
circuits individually and respectively 
completed over air-gaps which are caused 
to vary inversely-as a result of a movement 
or variation of movement, between two 
points of or within a body or between two 
bodies to bring about an unbalanced elec- 
trical condition in an elecfrical network 
including the secondary windings of the 
transformers, and means which is adjust- 
able to restore said balanced condition, 
the extent of the adjustment "required 
being a measure of the said movement or 
variation. The primary windings of the 
two transformers - are connected .to an 
45 alternating or an., interrupted - direct 
current supply, and" with the. former 
supply if a direct currents instrument is 
eventually to be operated to^ indicate, a 
movement or variation, a . rectifying 
50 arrangement or. the equivalent "will^e 
included in circuit with the instrument. 
With an interrupted direct * current 
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supply it is also preferable vte provide 
interrupting means in the circuit of 
such an instrument to disconnect 65 
half - cycles ; of current . . consequent 
on the opening or closing" of the 
primary circuit. The secondary windings 
are. connected in such relationship with 
one another that when the air gaps are 80 
'equal, equal E.M.F.?s are produced in 
both .windings and a condition of balance 
exists to be disturbed by a variation, of 
the air-gaps by reason of a said movement 
whereby a preponderating current will 65 
'exist in one of them, the difference current 
being a measure of the movement. . The 
said means is .adjustable to .restore the 
E.M.F.'s to a condition of balance. 

The said means may consist of electro- 70 
magnetic airangements- which on adjust- 
ment can be made to produce current con- 
ditions .to counter the said preponderating 
current, or alternatively -it may consist of 
electrical arrangements which involves, a 75 
purely, electrical balancing of . the secon- 
dary circuits. - ... : . 

-For example in the former case the 
secondary" windings . of the transformers 
*may be. connected in series but in opposite 80 
senses. So long as. the air-gaps ana there- 
fore the reluctances of the two magnetic 
systems are equal the E.M.F.'s across the 
windings will be_equal and opposite. An 
inverse variation of the air-gaps and there- 85 
fore of the reluctances of the. magnetic 
systems results in. an unbalance of the 
E;M.E.'s across the secondary windings 
with a consequential Mow of current the 
value of which is a measure of the move- 90 
ment bringing* about the variation of the 
-air- gaps. • The secondary and primary 
windings of these transformers may be 
connected respectively . in series with 
similarly arranged secondary windings 05 
and primary windings of- a further pair of 
transformers having similar character- 
istics to one another. These further trans- 
formers "both have their, magnetic -circuits 
completed through a common magnetic 100 
member over intervening air-gaps, this 
common magnetic member being ad just- 
Table,, such as by a. micrometer screw, .in- 
versely to vary these air-gaps and thus the ~ 
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relative reluctances. , Thus the common 
magnetic member can be adjusted to pro- 
duce an unbalance of the E.MJBVs across 
the secondaries of the further transformers 
6 so that the consequential current now is 
of such a value as to counter any current 
arising in the secondaries of the first pair 
of. transformers, such a condition being 
indicated by an indicating instrument in 
10 the secondary circuit giving a zero 
reading. The extent of "adjustment of the" 
micrometer screw necessary to bring this 
about is indicative, and maybe arranged 
to give a direct reading, of the extent of 
15- the movement measured.- * ~. . 

In the latter arrangements -mentioned 
above in which a purely electrical, balanc- 
ing is employed the secondary windings 
. of the first mentioned transformers may be 
- 20 connected in series and in similar senses 
with one another and with a potentio- 
meter, an indicating instrument being 
connected between the .midpoint of the 
windings and the tapping point of the 
25 potentiomrter, to form a resistance hridg'e 
network. Thus a prejionderating E.M.F. 
in one of the secondary windings will 
produce a current flow which will be indi- 
cated on the Treasuring instrument, and 
30 the potentiometer can be adjusted until a 
zero readiug is obtained, the extent of the 
.adjustment, which may also be carried out 
bv a micrometer screw, giving an indica- 
tion, and it may be a direct reading, of 
35 the extent of the movement which brought 
about the unbalance. - • -.. . 

The said first mentioned pair of trans- 
formers may be arranged closely together 
and may be annular and surround the 
40 body/such as a s h a ft, or bodies, the appli- 
cation to a shaft being -particularly 
referred to in a specific embodiment here- 
after. Each transformer is contained in 
a casing of magnetic material,- the casings, 
45. however, not completely surrounding the 
windings but being open " on that side 
facing tiie shaft. Where the transformers 
arejin close juxtaposition ^"single exterior 
casing for both transformers may be used 



haying a magnetic partition therein divid- 60 
ing the transformers and providing a 
common magnetic .path for both. On the 
shaft adjacent and clearing each casing 
one on each side of the opening therein are 
annular members of magnetic material ^ 
having teeth -which overlap each other, 
with air gaps intervening, one member 
being nxedly associated with the shaft at 
one of the two places between which the 
twist is to be measured whilst ihe other 60 
is fixed to the shaft adjacent" the trans- 
formers; Thus, the magnetic circuits- of 
the transformers are completed oyer the 
gaps between the casings and the annular 
magnetic members and between the teeth 65 
of the latter. "Where the transformers aTe 
mounted in close juxtaposition a common 
middle magnetic annular member adja r 
cent and co-operating with; the common 
portion of the casimjmay be used between 70 
the outer magnetic ~ members associated 
with the shaft. at .. the. said places, the 
.middle member having teeth on . each side 
of it co-operating: with the teeth of the 
outer annular members.- If the places on 75 
the shaft between which the twist is to be 
measured is greater than that required 
between the outer magnetic members, the 
latter may be secured to the; ends of rigid 
sleeves over,- and. having their other ends 80 
fixed to, the shaft at the said places. With . 
this arrangement the air-gaps between the 
outer magnetic member nearest the end of 
the shaft to which, power is applied and 
the middle member increase -with .the 85 
application* of power whilst those assp;- .. 
ciated with the other outer member, and 
middle member decreases, and vice versa 
on a decrease of. applied . power; so. that 
the relative reluctances of the magnetic 90 
systems of the two transformers are varied 
inversely to one another/ . 

Dated this 12th day of February,- 194&. 
SIEMENS BROTHEES 

LIMITED. . ; - 
By their Attorney,. . . - 
- F..A. liAwsoj^-.:- •; 
For .Selves .and Go-Applicant.. 



: • . COMPLETE • SPECIFICATION \ : * . - ' - : " 

Electrical. Arrangements: for Measuring Small Movements \ 



We, SmcEtrs Beothebs & Co. Limited, 
;of Caiton House, - To thill Street, West- 

95 minster, r London, - S.W.I, . a Company 
registered under : British - Law, and 
Frt.dkktck.-. TtrattEii, of The Crest", 
Shooters Hill, London, S JUS, a British 
subject,, do hereby- declare the *nature of 

100 this invention and in what manner the 



same is to be perf oxrad^tertfe particularly 
described and ascertained -in and hy the 
following statement:— ;i . .... 

. This jnyerifton ..relates to -electrical 
arrangements for measuring.sma 11 relative 105 
movements, between two ..places along or 
^within a rotative body and is particularly 
concerned with arrangements employing -a 



"null " method of operation in winch the upon a said relative movement taking 

extent of a. movement to be measured is place. The secondary windings of the 

determined by or is proportional, to the stationary transformers are connected 

extent of . an adjustment required to restore " Serially so that' on a variation of the 

6 a condition of balance in an electrical net- reluctances the potentials appearing acros? 70 

wort which has been unbalanced as a the two secondary windings will differ by 

result of said small .movement. The an amount corresponding to the relative 

arrangements of the invention find , an changes in the reluctances. The said 

especial application in connection with the means may be such as either to produce a 

10 measurement. of torsion, in a rotating shaft potential difference to tounter the differ- 76 
from which, given other factors, the trans- . ence between the" potentials appearing 

mitted horse-power can be calculated. - - aoross the two secondary windings, or 

In the . arrangements of the present whereby a balance of the two secondary 

invention a relative movement between circuits may be brought about. For 

15 two places along or within the body brings example, in the previous method the 80 . 
about an alteration of the reluctance of means may include two further trans- . 
a magnetic fhix path associated with iixe formers similar to one another and con- 
body. This flux path is included in the .aected similarly to and having their 
magnetic circuit of a stationary open-cored secondary windings connected in series 

20 transformer which has its. primary wind- .Tntlrthose of the stationary transformers. 85 

ing traversea-by a varying current, and The reluctances. of the magnetic circuits of 

therefore, a variation in "the reluctance of the two further, transformers may thus 

the flux-path will bring about a corres- be mutually . adjusted inversely , to one 
ponding variation of the potential appear- ', another until the difference potential pro- 

23 ing across the secondary winding of the duced thereby in. the secondary circuit 90 

transformer. By the provision of means is" equal and opposite to the difference 

which is adjustable to nullify any change potential produced by ' the stationary 

in potential consequent on such a relative transformers. Thus, the extent of the 

movement, that is, whereby the potential adjustment needed to bring this about is 

30 or change of potential produced thereby at a' measure of the said relative movement. 95 

-two points in the secondary circuit is .In the latter method the secondary windr 

restored to that prevailing prior to the ■ ings of the stationary transformers may be 

movement, a measure of the extent of the serially connected in the same sense with 

movement is obtainable. ' brie another and -with a potentiometer in- 

35 The arrangements may include a single eluded in the said means, the said potential 100 

stationary transformer, the potential or difference between the said two points in 

potential change occurring at two points the secondary .circuit being derived be- 

of the secondary circuit as a- result of a .tween the point, between the inductances 

relative movement and which is to be and the. tapping point of the potentio- 

40 nullified, being derived directly from the meter. Obviously,- any difference of the 105 

secondary winding of: the transformer, -potentials appearing across the secondary 

The said means may include a further windings may be .balanced, a»s far as the 

tranflformer "haying its primary 'winding 'said two points .are concerned, by an 

traversed by- a current similar to that adjustment* of the potentiometer, the 

45 traversing "the* "primary winding of the extent of any "such Adjustment being a HO 

stationary transformer, and its secondary .measure of. the differences of the said 

winding connected serially with but in reluctances and therefore of the relative 

opposite sense to the secondary winding of movement that* brought ' about the 

the stationary transformer, the reluctance difference. 

6Q of the magnetic circuit " of the further : The flux-paths preferably include teeth 115 

transformer being adjustable to corres!- "which* project -towards each other from 

pond with any change in the reluctance of -ferrous ting3 secured rigidly to the body 

the magnefcircuit of the stationary, trans- at different places therealong, .the teeth 

"former so that a potential appearing at two rinterlapping with each other in pairs with 

65 points of the secondary circuit in conse-- an air-gap between each pair, a ' relative 120 

quence of the latter change may be can- -movement hetween : the rings consequent 

celled, the extent of the adjustment being -on a twist occurring in the body causing 

a "measure of the relative movement. "'" tlie teeth- either to move away from or 

Alternatively" two stationary" trans-: towards one another: The cores/ of the 

60 formers may be employed, the magnetic /.stationary transformers are coupled to the 125 
circuits of the transformers"" including ringsT either over radial, air-gaps, or air- 
individual flux paths associated with* the . gaps lying parjallel to. the body, the latter 
-body/ and "being arranged so that, .the /arrangement particularly allowing for a 
magnetic reluctances- of the two;flux-paths Ismail radial displacement of* the body, 

05 vary inversely to one j^other "consequent such as the whip of a shaft, without affect- 130 
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. ing the lengths of the coupling air-gaps. 
Thus a variation of the distances between 
the pairs of teeth to vary the lengths of 
the air-gaps therebetween consequent on 

6 a relative movement of the.rings will bring 
about -a modification of the reluctances of 
the magnetic circuits of the fixed trans- 
formers. 

In the accompanying drawings there are 

1 0 illustrated by way of example two different 
methods of carrying the invention into 
effect as applied to the measurement of 
twist along a section of a rotating shaft. 
In Fig. 1 of the .drawings is illustrated a 

15 method which involves a straightforward 
transformer action and which may be used 
with shafts of any diameter whether or not 
the shaft has whip, and li^. 2 illustrates 
diagrammatically suitable circuit arrange- 

20 ments therefor. Pig. 3 . illustrates tke 
other method which involves the use of a 
double or differential transformer action, 
and Pig. 4 and Pig. G illustrate diagram- 
matically alterative circuit arrangements 

25 for use with this further method. 

The method of-Pig. 1 will first be de- 
scribed. In Fig. 1 a portion of a hollow 
horizontal metal shaft is shown at ft. To 
the 8haf 1 1 at one of the two places there- 

30 along between which the torsion is to be 
measured, that is at the right-hand end 
as illustrated, is secured a ferrous ring 2 
having substantially a rectangular cross- 
section. The ring 2 is preferably seated 

35 on a raised portion 3 of the shaft. The 
ring may be made in two halves, to enable 
them to be fitted oveT the shaft, the endB 
of the two halves being held as closely as 
possible in intimate contact. From one 

40 side of the' ring,, the '* left-hand side as 
illustrated, projects : a number of equi- 
-angularly spaced teeth 4, twelve teeth 
being provided in the illustration, and 
therefore they are spaced at 30°" apart 

45 Surrounding, but clearing; a length of 
the shaft is a rigid hon-magnetic metal 
sleeve 6 which at the end thereof remote 
from the ring 2 is secured, e.g. by screws, 
to the shaft at the other of the two 

50 places between which the torsion is to be 
measured. 'This sleeve may also be in 
'.two halves which are securable together by 
longitudinal flanges to permit its assembly 

. oyer the shaft. To. the free-end of the 

55 sleeve -5, adjacent the ring 2, is secured a 
further iron-Ting 6, similar in all respects 
to the ring 2 except that itslateraUy pro- 

" ' jecting teeth 7 jproject from its right-hand 
.instead of its left-hand side as in the case 

60 of ring 2 . The annuli 2 and & are secured 
to* the. shaft ij and the sleeve 5 ; respec- 
tively, so that their teeth interlap and are 
positioned together in ad j acent pairs with 
-a'small air-gap 8 intervening between each 

65-pair: ::.*:.* i. ; :.. 



Adjacent to, but separated by an air- 
gap 10, from the right-hand exterior face 
of the ring 2, and clearly surrounding the 
shaft 1, is a ferrous annulus 9 supported 
from the fixed brackets 11 . .70 

A number of open-cored transformers 12 
are fixed at . one end of their cores to the 
annulus 9 - at equal distances apart, the 
number of transformers depending, inte*- 
alia, on the extent of the current or current 75 
change which is to occur consequent on 
relative movements between the two places 
along the Bhaf t with which the rings 2 and 
§ are associated. The length of the cores 
of the transformers is slightly greater than 80 
the distance between the outer faces of the 
two rings 2 and 6, and to the left-hand 
ends of the core is fixed a further annulus 
1&, identical with the annulus 9, and 
which overlaps, but is separated by a small 85 
air-gap. from, the outeT face of the ring 6, 
and clears, the sleeve 5. 

Thus it will be seen that the magnetic 
circuits of the transformers 12, starting 
from the right-&and ends of the cores 90 
thereof, exist over the annulus 9, air-gap 
10, ring 2, and teeth 4 thereof, air-gapB 8, 
teeth 7 and the ring* 6, air-gap 14, annulus 
13, to the - left-hand ends of the cores. In 
Fig. 2 this magnetic circuit is indicated 95 
by broken lines in the diagrammatic repre- 
sentation of the parts. 

The air-gaps 10 with a true running of 
the shaft will remain of a constant length 
even should'some whip occur, and provide 100 
for the coupling between the statiohary- 
. and rotating parts, of the arrangements 
without friction. On the other hand the 
air-gaps 8 will have a mean length when 
:the *5haft*is stationary, providing" a mean 105 
.reluctance, of the magnetic circuits of the 
transformers, whereas if the shaft is 
driven in a counter-clockwise direction, 
by a force applied to its left-hand end, a 
twist in the shaft will occur; and consider- no 
ing the position of the shaft illustrated, 
the teeth 7 of the ring 0 will move closer 
.to the" teeth 4 of the ring 2 resulting in a 
diminishing of the air-gaps 8 anir educ- 
tion of the reluctances of the magnetic 115 
-circuits; the greater -the applied farce the 
.greater the reduction in the lengths of the 
•air-gaps. ^ Thus witir a varying current, 
jsuch: asT an alternating or. interrupted 
direct current, in the primary windings of 120 
-the transformers, the. voltage appearing 
across the secondary windings will" be at 
a mean value when the shaft is stationary, 
• and will increase as the lengths of the air- 
gaps diminish." The primary windings of \2d 
the several transformers are connected in 
series'and additively with one another; and 
. the secondary wradings are similarly con- 
nected. 

..:BeierTing;tbPig..2; The arrangements 130 



above described, are -clearly' illustrated 
diagrammatically at the top of -the figure. . 
At the lower part of the figure is shown 
a- further opeu-cored transformer 15, the 
6 core of which id shunted by an iron-yoke 
16. This iron-yoke 1<6 is arranged, in- any 
convenient manner, not shown, to be slid- 
able towards and away f rom thfr core of 
the transf ormer so as to enable the reluct- 

10 ance of the magnetic circuit of .the latter 
to be varied . Engaging with this yoke by 
a micrometer screw is a. spindle 17 which 
is rofa table, but fixed against longitudinal 
movement in any convenient manner, -and.' 

15 has . a graduated drum 22 secured to its 
other and free; end,, the drum having a 
handle attached thereto by which it' may : 
be rotated. The primary windings of . 
transformers 12 and 15, as indicated bv . 

20 heavy lines, are connected in series with 
one another and with a source of direct 
current 18 and interrupter contacts fl# 
which are adapted to open and close at a 
predetermined and- constant- frequency. 

25 The secondary windings of the trans- 
formers 12 and 45, as indicated by .light 
lines, are connected in series with, each 
other over further interrupter contacts 20, . 
the circuit also including a differentially 

30 reading galvanometer 21. The secondary 
of the transformer 15, however, is con- 
nected so that the potential induced across 
it will be in opposition to the potential 
produced across the series connection of 

35 secondary windings of. transformer 12. 

By the interruption of the primary 
circuit by the interrupter contacts 19, 
obviously, an alternating . potential will 
appear across the secondary windings of 

40 all the transf ormers, and neglecting other 
considerations for. the present, and with a 
continuous secondary, circuit, an alternat- 
ing current will appear in the latter- -This, 
current could be.used to operate an alter- 

45 nating current instrument such as 21. 
Alternatively, the current could be recti- 
fied to operate a direct current instrument. 
However, as' illustrated, the secondary 
circuit is arranged to be interrupted by 

60 the contacts 20 at each alternate half- 
cycle,, so that a pulsating direct current 
flows in it. The contacts 20 are arranged 
to be. closed prior to the closure, and. 
opened prior to the opening, of the cori- 

55 tacts 19. For example assuming the con- 
tacts to be operated upon by a rotating 
cam, both contacts will be closed for one 
half of a revolution with* the contacts 20 
being closed first and overlapping "the con- 

6 0 tacts 19 by 90° . 

The detailed operations are. as follows. 
Assuming that the shaft is.statioiiary, that 
the source IS is connected up, and that .the 
interrupter contacts '19 and 20 are set into 

65 operation. - The contacts 19 interrupt the 



primary circuit so- "that"* alternafing- 
pbtentials will appear "across the secondary 
windings of all. the transformers. The 
potential across the secondary winding of 
transf oriner Idi however, will be in. phase 70 
opposition to the total .potential across the 
"secondary windings of the .transformers. 
12," and should *oue:of the potentials, pre- 
dominate a current wild flow ua. one or other 
direction in the., secondary circuit at each 75 
alternate half-cycle, thaiis,.at each closure . 
of contacts 20, the lvalue nf .the current 
depending on the extent of the difference 
of the potentials. In order to obtain read- 
ings of . twist in the shaft, it is arranged 80 
that -when the: shaft is stationary these 
potentials mutually balance one another eo 
that the instrument Zl Tests . at zero, this 
being: accomplished by. adjusting the yoke 
16 of *the transf ormer 15, to alter the 85 
reluctance of the. magnetic circuit of the 
latter, until the potential across the secon- 
dary, is 'equal .to the- additive potential 
across the secondaries of- the transformers 
1&. The division of the scale of drum 22 90 
adjacent the fixed pointer; if other than 
zero, maybe noted and selected as the zero, 
or it is" pf ef eix ed : -that the ; drum 22. . is 
adjusted independently of the spindle 17 
until it reads zero and then again fixed to 96 
the shaft. . 

. Assuming that a turning force is applied 
to the left hand end of the shaft such as 
to turn" the latter in a counter-clockwise 
direction, then the shaft will twist in a 100 
manner- such "as to cause the teeth 7 and 
4* to approach each other, and decrease the 
lengths pf the air gaps 8. This will reduce 
the reluctance of the : magnetic circuits of 
the transformers 12 with a result that the 105 
additive potential across the secondary 
windings' will" rise and* thus exceed that 
. across" the secondary, winding of trans- 
fbrtKiJ l*5;" A current corresponding to 
the difference in potentials will flow in the 110 
secondary circuit and bring about a deflec- 
tion of the instrumental from its zero 
position. A balance, of the potentials is 
again established by rotating the drum 22 
to turn the spindle J7* whereby the yoke 115 
16 is caused to "approach more closely to 
the core of the transformer 15 to decrease 
the reluctance of " the magnetic circuit 
thereof so that the potential across . the. 
secondary of * the : . latter frahsf ormer in- 120 
creases", the adjustment being continued 
.until the potentials are balanced as *will 
be indicated by the instrumental reading 
zero. The amount. of radjustinent of the 
yoke I6 f again to "establish a . condition of 125 
balance is similar to the" respective move- 
ments of the teeth "4, 7,' brought about by 
the twist, *and is' thus j a" measure of " the' 
twist, and the extent of this, adjustment 
is* indicated by the division's of the.jscale 13Q 
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of the drum 23 passed through to bring 
the instrument 21 back, to zero, or the 
selected asero indication. From the read- 
ing^giveii by . the eeale of the drum 22 
v together "with other, factors, the torque in 
the. shaft , and horse.power applied to it 
can .be calculated in known manner. 
• ;Any variation:iii the twist of the shaft 
will be indicated by: a deflection of the 

10 instrument 21" in an appropriate direction 
from its zero position, and an adjustment 
can be effected .as before to obtain an indi- 
cation of 'the' prevailing amount of twist. 
If the. twist of rthe .shaft, decreases or if 

15 the shaft-has been rotated in the opposite 
directional. e\ the power being'applied to 
the left-hand, end of ihe shaft in the 
clockwise-direction, the- teeth 4 and 7 
would tend to move -away from one another 

20 and obviously the reading an the instru- 
mental would he-on .the opposite side of 
zero: :to: that T obtained when the teeth, 
approach; one another. A condition of 
balance irould be xe-established and an 

25 indication of ihe amount of twist obtained, 
in. -a manner: similar to that, previously 
described. 

/The arrangements of Eig. 1 are par- 
ticularly suitable for the measurement of 

30 twistalongalength of Bhaftnear a bearing 
where the brackets 11 can be secured to 
the Sxed paxt bf thfiiearingl The sleeve 
5 must be .rigid, and, obviously, lif the 
j places along the shaft letween which the 

35 twist is id. be 'measured calls for a length 
of sleeve too great to .ensure its rigidity, 
the ring 2 cduld: also be secured to a length 
of sleeve/ '.„' 

: "The arrangements illustrated inFiga. 3, 
40 *4 and5* will toow be described. 

In Pig/3^,:a section of the shaft is shown 
; at 29, "and. about hut clearing the shaft are 
. two nonmagnetic sleeves 24 and 25», which 
at their opposite extremities are^secured 
45 respectively "to the shaft at the places 
between - which the* twist is to be measured. 
To the free-end of the sleeve 24, opposite 
ta the 'free end of the sleeve 25, is secured 
a cylindrical iron ring 26 having a number 
50 of teeth 27^ equally spaced apart, project- 
ing. from its left-hand end and lying 
paraUefwitt the sleeve and shaft. In the 
arrangement illustrated twelve such teeth 
are provided. " Similarly, there is secured 
to the free end of the sleeve 25 an iron ring 
28, similar in : all respects to the ring 26 
except that the teeth 29 project from the 
right-hand side towards the ring 26. Mid- 
way ..between the rings 26 and 23 and 
secured to the shaft is a further cylindrical 
iron ring 30; This latter iron- ring 30 has 
teeth equal in number to the teeth project- 
ing from rthe rings 26 and 28, projecting 
from both of r its ends, the teeth 31 pro- 
05 jectmg.. from its::fight=hand end Jnter- 
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lapping with the teeth 27 ;of the ring 26, 
whereas. the. teeth- 32 projecting from the 
left-hand end interlap with the teeth 29 
of the ring 28. The rings 26, 28_and 30/ 
are. so . positioned that the teeth" of the 70 
latter are each positioned adjacent the 
teeth of the former, so that the teeth co- 
operate, in pairs, -Thus the teeth 27 co- 
operate with r the teeth 31 to form pairs, 
there being an air gap 33 between the teeth 75 
of each pair, whereas the; teeth 2& co-. 
operate with, the teeth 32 to form pairs,: 
there being an. "air-gap 34 between each 
pair. . 

Surrounding the rings 26, 28" and 30, is 80 
a casing of iron, which casing comprises 
an : nuter cylindrical shell 35» having 
secured internally thereto and at each ena 
thereof an iron annulus. having its inner 
periphery turned inwards at rightrangles 85 
to form short cylinders. These annuli are 
designated 06 .and 37, and the cylindrical 
portions thereof -are of the same length as 
and., coincide with the rings. 26 .-and 2§ 
respectively, and have a diameter slightly 90 
greater than the/said rings so that air-gaps 
88 and 39 exist between them. Obviously , 
a regular annulus, such as the annulus 9, 
Fig. i«- could be used so that the air-gaps 
shall lie. parallel to the shaft. - At the 95 
middle 1 ot the cylindrical shell 35" there 
depends from a web 40, a cylinder 41 hav- 
ing a length corresponding to- .the length 
ol, and which co.incides.with, the ring 30 
secured, to. the shaft,; there being a small 100 
clearance between the: inner .surface of the 
cylinder. 41 .-and. exterior? surface . of the 
ring 3D to form an air. gap 42.. The web 
40 thus divides the .casing , into , two com- 
partments, one" to the right and one to* the 105 
left of it. Within the right-hand compart- 
ment is. "contained the primary winding 43 
ajxdjthfi sjcpid^ry*:wiiLding 44 of a trans-- 
former, and ir* the left-hand compartment 
is contained the primary; winding 45 and 110 
secondary .winding 46 of a fuller trans-, 
former, a. packing of insulating material 
being interposed between the casing and 
the windings and between the windings 
thenwelyes as indicated. . A lug (or lugs) 115 
47 : depends from the shell 35 which is 
bolted to a fixed bracket 4S. The primary 
winding? of the transformers have, as far 
as i / possible, identical characteristics, 
which also' applies to the secondary 120 
windings. 

It wflrbe seen that the casing provides 
a portion of the magnetic circuits for the 
two transformers,. and in particular the 
magnetic circuit for the right-hand trans- 125 
former 43, 44 exists over the annulus 96 
and its cylindrical portion, air-gap 38, 
ring .26 and teeth 27 thereof, air-gaps 33, 
teeth .31 and ring 30, air-gap 42, cylinder 
41, web 40, and shell 35.. The magnetic 13Q 
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circuit for the left-hand: transformer 45, jection 56 therefrom which is engaged', 

40, similarly exists over anuulus £7 and through a micrometer screw thread, with 
the cylindrical portion thereof; air-gap 39, a spindle or7 rotatable by a graduated drum 
ring 28 and teeth 29 thereof, air-gaps 34, 5S, but which spindle'is restrained against 

5 teeth 32. and ring 30, air-gap 42, cvUnder longitudinal movement. Thus in this 70 

41, web 40, and shell 36. Obviously, the arrangement with the bridging piece 65 
primary windings 43 and 45 should be so midway between the transformers, the 
connected in circuit that the .fluxes of the reluctances' of their magnetic circuits will 
two transformers pass in die same direc- be similar and consequently with the same 

W tion through the web 40 which.. provides a value, of fluctuating- current passing 75 

common path for both fluxes. through the primaries potentials of similar 

With this arrangement, it . will be seen • values will appear across the secondaries, 

that when a twisting force ls applied to If, however, the bridging piece 5£» is 

the shaft 23 the air-gaps 38 and 39 will moved more closely to one transformer 

15 remain constant, but the lengths of the than the other, the respective reluctances 80 

gaps 33" and 34 will vary conversely. For will decrease and increase with a corres- 

exainple, if a twisting force is applied to ponding increase and decrease of the 

the left-hand end of the shaft su ch as to turn potentials appearing across the secon- 

it in a counter-clockwise direction-, then diaries. 

20 considering the section at the ends of which The primary windings 43, 45, 50 and 85 
the sleeves 25 and 24 are fixed, the latter 53Tof the several transformers are all con- 
end will lag behind the former end. .The nected in series with one another and with 
cylinder 30 beinjr situated midway .be- a Source of direct current 62 and inter- 
tween these ends is in effect, situated at - rupter contacts 59, which latter, as in the 

25 the node of the length of twist being con- case of Fig. 2, are caused to open and close 90 

sidered and in consequence the teeth 29 at apredetermined constant frequency*. The 

will tend to move, away from the teeth 32 secondary windings £4,-46, 51 and 5£ are. 

and therefore increase the air-gaps 34, also connected in series with one another 

resulting in an increase in the reluctance and with interrupter contacts 60, and a 

30 of the magnetic circuit of the transformer differential galvanometer 61. As in Fig. 95 

45—46 and reduction- of any induced 2, the interrupter contacts 60 are caused 

potential across the secondary winding 46,- to operate to disconnect the secondary 

whereas the teeth 27 will lag behind the circuit at each alternate half -cycle of the 

teeth 31 resulting in a reduction, in the current induced into the secondary wind-- 

35 length of the air-gaps 33 "whereby the ingsnf the transformers. " iqq 

reluctance of the magnetic circuit, of the The secondary windings 44 and 46 are 

transformer 43 — 44 is decreased and a connected in- opposite senses to one 

corresponding increase of any potential another,, so that the potentials produced 

induced across the secondai-y 44 will occur. . across them will be in phase opposition, : 

40 Bef erring to the circuit arrangement and this also applies to the secondary 1Q5 

illustrated in Fig. 4. The arrangements " windings &l and 54, and, say, voltages of 

above described- -are -illnsti'ated -diagram- similar senses Appear, across secondaries 

matically at the top of the figure and/wilT 46 and 51, and across the secondaries 44 
be understood without f urther description.- ^anA.54, respectively. ■ 

45 At the bottom of the figure are shown Considering the operation of the 110 

two open cored transformers 49 .and 52 arrangements in detail. Initially, whilst 

having similar characteristics to one the shaft is stationary the source 62' is con- 
another and to the other fixed trans- ■ nected up and the interrupter contacts 59 
formers, the transformers 49 having . and 60 set into operation. As a result im- 

50 primary and secondary windings 50 and 51 pulses of current flow through the primary 115 

respectively, whilst corresponding wind- windings of all the transformers, and 

ings of transformer 52 are designated 53 potentials will therefore appear across all 

and 54. The two transformers are fixed at of the secondaries. If the air-gaps .33 and 

a distance apart with their cores lying 34 are the same, , resulting in the reluct- 

55 parallel to each other, and between the ances of the iron circuits of the trans- 120 

transformers is a common piece 55 of iron formers 45, 46 K and 43, 44, being similar, 

which is adapted to bridge the ends.of both voltages of similar values but in phase 

of the cores, and thus complete lie mag- ' opposition will be induced across the 

netic circuits, of bo.th transfonnew over secondary windings 44 and 36, and assum- ' 

CO intervening air-gaps. The bridging .pieced i ing the transformers r 40 and 62 are 125 

is arranged to be slidable and guided in* similarly balanced the voltages will cancel 

any convenient manner between the trans- each other and no current will appear in 

formers so that it can be brought closer to the secondary circuit, and thus the instru- 

one than the other, the sliding motion ment 61 will read zero. 

65 being imparted to it by. means o£ a pro r - . If .there, is a. slight unbalance between JL3Q 
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the trajisfbrmers 43, 4& and 45, .46 by and 31, and therefore to the amount of 

reason- of a small -difference between the twist along the section of the shaft under 

air-gaps 33 and 34, then the potential consideration, and the extent of the ad just- 

across 1 ' one secondary will be preponderant ment is indicated to the . operator by .the- 

5 and a current- will flow in lie secondary number of divisions of the scale on the 70 

circuit to influence "the instrument -61 to drum 58 passed over in order to restore the 

move 'to* one or other side of its aero. • In instrument 61 to give a zero reading. From 

this case/ the- bridging piece* 66 is moved this and- other factors the torque and 

in the appropriate direction between the applied horse power can he calculated in . A 

. 10 transf ormers 49 and$2 until the potential known manner. _ - ' * * 76 

across one : of the secondaries- 51, 54 pre- The arrangements of 3?ig. 5 differ from 

: ppnderates ; to ; produce a current equal and those of Fig. 4, in-^fliat instead of the estab- 

opposite to that produced as the result of lishment of an electromagnet balance of 

the imbalance of the transformers 43 1 , 44, : the outputs of the transformer, the balance 

15* and- 4£, 46; which Condition is indicated is effected purely electrically by a bridge 80 

by-.the instrument <yl* giving n zero read- method of balancing. In this figure similar 

ing. -The reading oh the drum may be designations are used to indicate . parts 

Selected as-the zero, buiron the other hand corresponding to like parts in Fig. 4. 
it is preferable to adjust the drum 58 inde- In Fig. 5 the two transformers 43— 44 • 

20 pendently 1 of the -shaft - 57 -until its zero and 45—46 are arranged as in Fig. 4, and 85 

division! is adjacent the -fixed pointer and have their primary windings 43 and 45 

is then again secured to- the- shaf t. Thus connected in series with one another and 

the arrangements are - adjusted to give a with a source of potential and interrupter 

zero reading in the absence of torque. contacts 5$ whereby their circuit is inter- 

25 : -Assuming 1 that the shaft is set into rupted at a constant frequency. The 90- 

. counterclockwise. Totation by a force secondary windings are connected in series 

applied to its left-hand end, then as before with one another, and in the <same sense, 

referred to the length of the air-gaps 34 so that voltages appearing thereacross are 

between the teeth 29 and 32 will increase, added, and with a potentiometer 63. A 

80 and -a corresponding decrease will take galvanometer 61 is connected from be- 95 

placB in the lengths of -the air-gaps 3& tween the two windings to the tapping 

between the teeth 2? and 31. This results point of the potentiometer which is mov- 

in jail increase in the reluctance of the iron able to and fro by means of a spindle and 

circuit of transformer 55~-46 ; with a con- drum (not shown), but which will corres- 

35 sequential decrease in the- potential pond to the spindle 57 and drum 5$ of Fig. 100 
appearing across the secondary 46, . and a It is obvious that the potentiometer 

corresponding decrease - in reluctance • of can be ad justed to a point along it at which 

the iron circuit of transformer 43-4A with the potential will equal that appearing At. 

-a-- consequential increase of the potential the point between the secondary windings 

4ft appearing across the secondary. 44. Thus so that the instrument will give a zero ,105 

the. potentials across thesecondaries44 and reading. If tlte relative potentials .across : 

46 become : unbalanced and a current of the secondaax ^i^^g 5 ^^ by reason t>f 

a value 1 dependent on the amount of un- - a twist or alteration of twist being set up . 
balance will flow in the secondary, circuit-=>in the shaft, theiiihe potential at the point 

45 and. the instrument 61 will giv* a corres- between the secondaries will alter and 110 

ponding reading. • become different from that at the tapping . 

The drum 58 is turned in a direction point of the potentiometer with a conse- 

euch us to cause the bridging piece 55 to t^ueuce that ciuTent will flow through the 

approach more closely to the transformer instrument 61 . The extent of the adjust- 

50 49 whereby the Teluctance of the iron ment of the potentiometer necessary to re- 115 

circuit of this transformer is reduced to establish a balance of the two potentials, 

increase the potential across, the secondary . under consideration will be a measure .of - 

winding 51, and whereby the reluctance of the amount of twist or variation of tw.ist, 

the* iron circuit ~of transformer 52 is in- and as in the previous examples will give 

55 creased with a consequential lowering of one of the factors necessary to compute the 120. 

the potential appearing across its secon- torque and applied horse-power, in known 

dary 54. This adjustment is continued manner. 

until the instrument 61' indicates zero - Having now particularly described and 

indicating that a balanced condition of ascertained the nature of our said inven-* 

j60 potentials is again established in the tion'and in what manner the same is to. 125 

secondary circuit. Thus the amount, of be performed, we declare that what we 

movement of the bridging piece 55 claim is : — • • • . 

necessary to re-establish tne condition of 1. A torsionmeter for measuring the- 

balance corresponds to. . the m respective torque of a 'shaft comprising a stationary . 

cC5 movements : of- the leeth-29 and*32and27 open^ore- transformer adjacent the shaft ISO 
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.the magnetic civcuit of which is completed 
over .members on the shaft and an air-gap 
or gaps and in which the reluctance of the 
magnetic circuit varies with the torque to 
5 produce a potential difference or change of 
potential difference between two points in 
the circuit of the secondary winding of the ' 
transformer, and manually or otherwise 
adjustable means for nullifying said 
10 potential difference or change of potential 
difference, the extent of movement of said 
adjustable means being a measure of the 
torque of the shaf t. 

2. A torsionmeter according to Claim 
15 (1 in which said means includes a further 

transformer having its primary winding 
traversed by a varying current in phase 
with the current in the primary winding, 
of tke stationary transformer, and its 

20 secondary winding serially connected with 
but in opposite sense to the secondary 
winding of the stationary transformer, and 
wherein the reluctance of the magnetio 
circuit of the said further transformer is 

25 adjustable to correspond with any change 
in reluctance of the magnetic circuit of 
the stationary transformer, whereby the 
potential difference across the secondary 
winding of the further transformer can be 

30 rendered of the same value as but of oppo- 
site polarity to the potential appearing 
across the secondary winding of the 
stationary transformer. 

3. A torsionmeter according to Claim 1 
35 in which there are provided two stationary 

transformers of similar characteristics 
having their primary windings similarly 
energised and their secondary windings 
serially connected with one another, the 

£0 magnetic circuits for the two transformers 
being completed over separate flux-paths 
associated* with the shaft, each of which 
paths includes an air-gap, the lengths of 
the said two air-gaps being caused to vary 

45 inversely to one another as a result of a 
said relative movement to cause an inverse 
variation of the values of the relative 
potentials appearing across the two 
secondary windings. 

50 4. A torsionmeter according to Claim 
3 in which .the secondary windings of the 
two stationary transformers are connected 
to act in opposition to one another, and 
said means includes two further trans- 

65 formers identical" with one "another and 
having their primary windings fed by 
currents similar to those traversing the 
primary windings of the stationary trans- 
formers and their secondary windings con- 

60 nected differentially but in series with one 
another and serially with the secondary 
windings of the stationary transformers, 
and in which the magnetic circuit of each 
of the two further transformers includes 

65 an air-gap, which two air-gaps are variable 



inversely to one another .to vnry the reluct- 
ances of the respective magnetic circuits 
and therefore the potentials appearing 
across the secondary windings. thereby- to 
produce a difference potential to counter 70 
the potential applied to the said two points 
from the secondary windings of the 
stationary transformers. ■ 

5i. . A torsionmeter according to Claim 
2 or 4 in which the magnetic circuit of 76 
the further transformer or the magnetic 
■circuits of the two further transformers 
are completed over a magnetic bridging 
piece bridging the ends of the core or cores 
of the further transformer or transformers, 80 
the bridging piece being movable through 
the medium of a screw connection from a 
graduated indicator to or away from the 
core of the further transformer or between 
the cores of the two further transformers. 85 

6. A torsionmeter according to Claim 3. 
in. which the secondary windings of the 
two stationary transformers are serially 
connected in similar senses with one 
another and with a potentiometer included 00 
in said means, the said two points to which 
a potential is applied consisting of the 
point between the two secondary windings 
and the tapping point of the potentio- 
meter. 95 

-7. A torsionmeter according to Claim 
6 in which the tapping point of. the 
potentiometer is adjustable from a gradu- 
ated indicator through the medium of a 
screw-connection. 100 
: 8. A torsionmeter according to Claim 
1, 2 or 3 in which the core of a stationary 
transformer is coupled to the said flux-path 
over an air-gap lying parallel to the adja- 
cent surface of the shaft. 105 

9. A torsionmeter according to Claim 
8 in which the said flux-path includes a 
pair of ferrous rings secured to the shaft, 
one at each of said places, each of said 
rings being provided with teeth facing 110 
towards the other ring, the teeth on the 
two rings interlapping with one another 
and co-operating in pairs, there being an 
air-gap between the teeth of each pair, and 
wherein a ferrous annulus associated with 115 
one end of the core of the stationary trans- 
former surrounds but clears said shaft and 
overlaps but is separated by an air-gap 
from, one of said rings, the other end of 
the core of the transformer being mag- 120 
netically coupled to the other of said rings. 

10. A torsionmeter according to Claim 
1 substantially as described and as illus- 
trated in Pig, 1 of the accompanying 
drawings. ^ 

ill. A torsionmeter according to Claim 
1 and circuit arrangements therefor sub- 
stantially as described and illustrated in 
Pigs. 1 and 2 of the accompanying 
drawings. igQ 
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12. A torsiomneter according to Claim Dated this 8th day of February, 1946. 
1 substantially as described and illustrated SIEMENS BROTHERS & CO. 
in Fig. 3 and circuit arrangements there- LIMITED, 
for substantially as described and illus- By their Attorney, 

5 trated in Fig: 4 or Fig. 5. F. A. Lawson. 

For Selves and Ob-Applicant.. 
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